INTRODUCTION
============

Allergic aspergillosis of the respiratory tract in children includes *Aspergillus* induced asthma, allergic bronchopulmonary aspergillosis (ABPA) and allergic *Aspergillus* sinusitis (AAS) \[[@B1]\]. It is now well established that *Aspergillus* sensitization in susceptible patients with asthma leads to a more severe form of the disease. This occurs when *Aspergillus* spores are entrapped in the viscid sputum triggering a cascade of inflammatory reaction resulting in one or the other form of allergic aspergillosis \[[@B1]\]. In 1952, Hinson et al. \[[@B2]\] from United Kingdom (UK) first documented ABPA in three adult patients. The first pediatric patient too was reported from UK in 1959 in a 15 and a half-year-old boy with "Schonlein-Henoch" purpura \[[@B3]\].

In the pediatric population, ABPA has mostly been observed in children with cystic fibrosis (CF) \[[@B4][@B5]\]. Only a few reports have documented the occurrence of ABPA in children with asthma \[[@B6][@B7][@B8][@B9][@B10][@B11][@B12]\]. It is important to highlight this disease entity in children as delayed diagnosis leads to irreversible lung damage, morbidity and even mortality. Furthermore, the concomitant occurrence of upper airways symptoms and AAS in these children is yet to receive the attention that it deserves. Over a period of 31 years, diagnosis of ABPA was established in 349 patients in one unit. Forty-two of these patients were 18 years or below and were categorized as pediatric ABPA. This also includes seven patients documented earlier for their unusual presentation \[[@B13][@B14][@B15][@B16][@B17][@B18]\]. The paucity of data in the literature prompted this review of 42 asthmatic children with ABPA. To our knowledge, this report documents the largest series of ABPA in children with asthma.

MATERIALS AND METHODS
=====================

Pediatric patients \<18 years of age with a history of asthma, eosinophilia along with infiltrates on chest radiograph or with history of multiple courses of antituberculous drugs despite persistently negative sputum for acid fast bacilli were screened for ABPA. All patients diagnosed with ABPA were also evaluated for sinusitis. The patients/parents were interviewed regarding symptoms, duration of illness and previous history of intake of antituberculous therapy. Family members with atopy and similar symptoms were also investigated for ABPA.

Intradermal tests against *Aspergillus* species were done until the availability of skin prick tests antigens in 2007. Serum total IgE, specific IgG, IgE, and serum precipitins against *Aspergillus* species were also documented. All patients underwent either bronchography or computed tomography (CT) of the chest for evaluation of central bronchiectasis (CB). Bronchography was the initial modality used to demonstrate CB until the advent of CT. Pulmonary function testing in form of spirometry was attempted in all patients.

The diagnosis of ABPA was based on Rosenberg-Patterson \[[@B19][@B20]\] criteria (8 major and 3 minor criteria). The major criteria included (1) history of asthma, (2) fleeting opacities/transient pulmonary infiltrates, (3) CB, (4) bands of precipitins against *Aspergillus* species, (5) type I immediate hypersensitivity reaction, (6) absolute eosinophil count, (7) positive specific IgG/IgE against *Aspergillus fumigatus*, and (8) serum total IgE. The 3 minor criteria included (1) history of occasional passage of brownish plugs along with sputum, (2) sputum culture positive for *A. fumigatus*, and (3) type III (late) hypersensitivity with extracts of *Aspergillus* species.

In patients with nasal symptoms along with evidence of sinusitis, X-ray/CT of the paranasal sinuses (CT-PNS) was also performed. If AAS was suspected, consent was sought from the parents to obtain mycological and histopathological specimens. Patients for whom consent was obtained underwent Caldwell-Luc operation until functional endoscopic sinus surgery became available. The criteria adopted by us earlier \[[@B21][@B22][@B23][@B24]\] and later enunciated by deShazo and Swain \[[@B25]\] was followed for the diagnosis of AAS. These included (1) sinusitis of one or more PNS on roentgenogram, (2) necrosed amorphous tissue along with edematous polyps infiltrated with eosinophils on histopathological evaluation of material from the sinuses, (3) demonstration of fungal elements in nasal discharge or in material obtained at the time of surgery by stain or culture, (4) absence of diabetes, previous or subsequent immunodeficiency disease and treatment with immunosuppressive drugs, and (5) absence of invasive fungal disease at the time of diagnosis or subsequently. In addition, this was also supported by other diagnostic criteria seen in ABPA \[[@B26]\].

The data was recorded in Microsoft Excel (Redmond, WA, USA) and expressed as mean ± standard deviation. Vallabhbhai Patel Chest Institutional Ethics Committee approved review of the data.

RESULTS
=======

A total of 349 patients were diagnosed with ABPA over a period of 31 years from 1985 to 2016 in one unit. Of these 349 patients, 42 (12.03%) were in the pediatric age group (range, 3.5--18 years; mean age, 12.97 ± 4.02 years). There were 26 boys and 16 girls (male to female ratio, 1.62). The demographic data, laboratory parameters and diagnostic criteria met by our patients have been detailed in [Table 1](#T1){ref-type="table"}.

Cough seen in all 42 (100%) and breathlessness in 41 of 42 patients (97.6%) were the two most common presenting symptoms. Upper airways symptoms were documented in 30 of 42 patients (71.4%). Nasal discharge and sneezing were seen in 24 of 30 (57.1%) and 23 of 30 patients (54.7%), respectively. Constitutional symptoms included fever in 14 of 42 (30%) and loss of weight/appetite in 7 of 42 patients (16.6%) each. Clubbing and cyanosis was seen in 2 of 42 patients each one of whom was documented earlier \[[@B14]\]. Thirteen patients (30.9%) had received antituberculous therapy prior to referral. A familial history of asthma was present in 11 of 42 patients (26.2%) and familial ABPA was documented in 3 pairs of first-degree relatives, which also includes a pair reported earlier \[[@B17]\]. Of the 3 pairs with familial ABPA, 2 were parent-child and one of siblings.

The mean serum IgE was 4,509.16 ± 7,907.77 kUA/L (range, 160--45,600 kUA/L). Type I hypersensitivity was positive in all 42 patients, with *A. fumigatus* positive in 38 of 42 (90.5%), *A. flavus* in 29 of 42 (69%), *A. tamarii* in 22 of 42 (52.4%), and *A. niger* in 15 of 42 (35.7%). Type III hypersensitivity was documented in 22 of 42 patients (52.4%). Specific IgE against *Aspergillus* species was positive in 29 of 30 patients (96.7%) where it was done and specific IgG against *Aspergillus* species was positive in 33 of 42 patients (78.6%). Bands of precipitins against *Aspergillus* species were detected in 26 of 42 patients (61.9%) with *A. fumigatus*, the most common one, being positive in 15 of 42 (35.7%) followed by *A. flavus* in 11 of 42 (26.2%), *A. niger* in 5 of 42 (11.9%) and *A. terreus* in 1 of 42 subjects (2.4%). In 5 of 42 subjects (11.9%), precipitin bands against more than one *Aspergillus* species was observed. Sputum cultured *A. fumigatus* in 2 of 42 patients.

Spirometry was done in 34 of 42 children. Obstructive ventilatory defect, the most common abnormality, was seen in 14 of 34 (41.2%) followed by a mixed defect in 4 of 34 (11.8%). A restrictive pattern was seen in 3 of 34 patients (8.8%). Normal spirometry was documented in 13 of 34 patients (38.2%). Significant bronchodilator reversibility was seen in all patients with an obstructive defect except one.

On chest radiography, ring shadows were the most common finding seen in 28 of 42 patients (66.7%) followed by consolidation in 24 of 42 (57.1%) and "fleeting opacities"/transient pulmonary infiltrates ([Fig. 1](#F1){ref-type="fig"}) in 14 of 42 patients (33.3%). In addition, parallel lines were seen in 10 of 42 subjects (23.8%), hilar adenopathy \[[@B16]\] in 7 of 42 (16.7%), v-y shadows in 6 of 42 (14.3%), lobar collapse and gloved finger appearance in 2 of 42 (4.8%) each and cavitation \[[@B14]\] and middle lobe syndrome \[[@B18]\] in 1 of 42 patients (2.4%) each. The right upper zone was involved in 20 of 42 patients (47.6%), left lower zone in 18 of 42 (42.8%), right middle zone in 17 of 42 (40.5%), right lower zone in 15 of 42 (35.7%), left mid zone in 11 of 42 (26.2%), and left upper zone in 8 of 42 patients (19%).

CB with normal peripheral tapering was documented in 32 of 42 patients (76.2%) (4 of 6 on bronchography \[[Fig. 2A](#F2){ref-type="fig"}\] and 28 of 36 patients on CT chest). Bronchography was done in 6 of 42 patients (14.3%) while CT of the chest was performed in 36 of 42 (85.7%). "Signet ring" appearance ([Fig. 2B](#F2){ref-type="fig"}) was seen in 24 of 36 (66.7%) while "strings of pearl" appearance ([Fig. 2B](#F2){ref-type="fig"}) was reported in 6 of 36 subjects (16.7%). CB on CT of the chest was documented in 28 of 36 patients (77.8%) (cystic bronchiectasis in 18 of 36 \[50%\], cylindrical bronchiectasis in 11 of 36 \[30.6%\] and varicose bronchiectasis in 6 of 36 patients \[16.7%\]). Based on demonstration of CB, 32 of 42 (76.2%) were categorized as ABPA-CB while 10 of 42 (23.8%) were labeled as ABPA-seropositive (ABPA-S). The CT findings have been detailed in [Table 2](#T2){ref-type="table"}.

Of the 30 patients with upper airways symptoms, X-ray of the PNS was done in 4 and CT-PNS in 26 patients. Sinusitis was documented in 20 of 30 patients (66.7%) (X-ray PNS, 2 of 4 \[50%\]; CT-PNS, 18 of 26 \[69.2%\]). Maxillary sinus was most commonly involved sinus in 18 of 30 patients (60%). Of them, eight were suspected to have allergic fungal sinusitis and were requested to undergo the invasive procedure required to obtain the pathological material for culture and histopathological examination. Parents of three children consented and AAS was documented in all of them including the one we had reported previously \[[@B15]\]. 'Allergic mucin' as evidenced by hyperdense lesions in the PNS on CT-PNS ([Fig. 3A](#F3){ref-type="fig"}) were seen in all the 3 children with AAS. Histopathological finding in these patients included edematous polyps with eosinophilic infiltration ([Fig. 3B](#F3){ref-type="fig"}). Fungal hyphae were demonstrated in the necrosed material using Gomori\'s methamine silver stain ([Fig. 3C](#F3){ref-type="fig"}). The necrotic debris from the PNS cultured *A. flavus* in 2 of 3 and *A. fumigatus* in one. Only 1 of the 42 patients was suspected to have CF. On evaluation, the sweat chloride test was negative \[[@B14]\].

DISCUSSION
==========

This study endeavored to retrospectively review 42 pediatric patients comprising 12% (42 of 349) of the ABPA patients diagnosed over a period of 31 years in one unit. Although ABPA has been fairly well documented in the adult population \[[@B27][@B28]\], only sporadic reports have described the clinical presentation of non-CF ABPA in the pediatric age group \[[@B6][@B7][@B8][@B9][@B12]\]. The first detailed description of ABPA in children was by Mann and Pasha \[[@B3]\] in 1959. The authors reported a 15 and half-year-old boy with allergic pulmonary aspergillosis and "Schonlein-Henoch" purpura. Wang et al. \[[@B9]\] documented 12 pediatric patients with ABPA. In 1982, Chetty et al. \[[@B29]\] documented the first 2 pediatric patients with ABPA in India. In a subsequent study from the same group, of the 107 patients with perennial asthma, ABPA was diagnosed in 35 who fulfilled four or more of the Rosenberg and Patterson criteria \[[@B10]\]. The major limitations of this study were that neither specific IgE/IgG levels were determined nor an attempt was made to demonstrate central bronchiectasis in these patients. In a recent prospective study from India, ABPA was documented in 26% of children with poorly controlled asthma \[[@B11]\]. In the adult patients with asthma from India, ABPA has been reported in 7.6% \[[@B27]\].

In patients with CF, studies from Europe and United States have documented a prevalence of ABPA in the range of 2%--15% \[[@B4][@B30]\]. However, CF is uncommon in the Indian population with about 500 patients being documented till 2015 \[[@B31][@B32]\]. In a series of 33 patients with CF from Delhi, ABPA was diagnosed in 6 (18.2%) \[[@B5]\].

ABPA has been documented in infants as young as 6 months of age \[[@B8]\]. In the first pediatric series of ABPA by Wang et al. \[[@B9]\], the mean age was 14.5 years. In the recent prospective study from India \[[@B11]\], the mean age on presentation was 9.56 ± 2.23 years with the youngest child being 5.5 years old. In our study, the mean age was 12.97 ± 4.02 years with the youngest being a 3.5-year-old child, who had been earlier reported for hilar lymphadenopathy \[[@B16]\]. A majority of our patients were males (male to female ratio, 1.62) as seen in previous reports \[[@B9][@B10][@B11]\].

All our patients were asthmatics with a family history of asthma present in 11 of 42 (26.2%) of our patients including 3 pairs of familial ABPA. We had previously reported the familial occurrence of ABPA to be 4.9% \[[@B17]\]. Based on the clinical and radiological profiles, a third of our patients had a prior history of antituberculous intake. In high tuberculous prevalent areas, due to the striking radiological similarities, ABPA is often mistaken for pulmonary tuberculosis. These patients receive antituberculous treatment for long duration without relief and are often labeled as drug resistant tuberculosis, despite lack of microbiological evidence.

In the prospective study among pediatric asthma patients from India \[[@B11]\], ABPA-S was diagnosed in 5 of 26 patients (19.2%) with a mean serum IgE being 5,376 ± 4,051 IU/mL. This study suggested 1,200 IU/mL as a cutoff value of serum IgE levels for the diagnosis of ABPA with a sensitivity and specificity of 88.5% and 70.5%, respectively. In 10 of our 42 patients, a diagnosis of ABPA-S was made. In 34 of 42 of our patients, serum IgE levels were higher than 417 kUA/L, the cutoff value proposed in the minimal essential criteria \[[@B33]\] however, the mean serum total IgE values were 4,509.16 ± 7,907.77 kUA/L.

Radiologically, ABPA is characterized by 'transient pulmonary infiltrates' or 'fleeting shadows' on serial roentgenograms \[[@B1]\]. Hinson et al. \[[@B2]\] were also the first to recognize this distinctive feature of ABPA. This characteristic radiological feature was documented in a third of our patients similar to that reported by Chetty et al. \[[@B10]\]. These "fleeting shadows" are usually observed in acute or exacerbation stage and reflect the ongoing disease process. These occur due to mucoid impaction in the damaged bronchi \[[@B34]\]. "Gloved-finger" appearance ([Fig. 4A](#F4){ref-type="fig"}) due to mucoid impaction is peculiar to ABPA. This is a transient feature due to the mucoid impaction in the distal bronchus and may disappear as a result of coughing or therapy. Lobar/segmental collapse is not uncommon and this too is caused due to mucoid impaction. MLS due to chronic/recurrent collapse of the middle lobe has been described in patients with ABPA both in the adult \[[@B24]\] as well as pediatric population \[[@B18]\]. Although rare, the presence of true hilar adenopathy has been reported earlier in adults \[[@B35]\]. True hilar adenopathy in children with ABPA was first documented in a 42-month-old child who also happened to be the youngest patient in our series \[[@B16]\]. In 7 of our 42 patients (16.7%), we found either hilar, pretracheal or paratracheal lymphadenopathy. This highlights the need to consider ABPA in the differential diagnosis of thoracic lymphadenopathy.

In 1967, Scadding \[[@B36]\] was the first to describe proximal/central bronchiectasis with normal peripheral tapering of the bronchus, a radiological feature pathognomic of ABPA. This continues to remain as a *sine qua non* for the diagnosis of ABPA-CB \[[@B1][@B34]\]. Bronchography, once considered to be the "gold standard" to demonstrate CB, was infrequently used in the pediatric age group due to safety issues \[[@B13]\]. With the advent of CT, bronchography is no longer in vogue and is now considered to be obsolete. CB was seen in 32 of our 42 patients (76.2%) which was similar to the observations by Wang et al. \[[@B9]\] where 7 out of 8 patients (87.5%) had CB. In contrast the recent prospective study from India, CB was demonstrated in 3 of 26 patients (11.5%) \[[@B11]\]. High attenuation mucus \[[@B37]\], considered to be a characteristic feature of ABPA, was documented in 7 of our 36 patients (19.4%). In a study among 155 adult patients with ABPA, HAM on HRCT ([Fig. 4B](#F4){ref-type="fig"}) was reported in 18. These patients had higher serum total IgE and *Aspergillus* specific IgE with increased frequency of relapse \[[@B37]\]. CT findings such as mucoid impaction were seen in 16 of 36 patients while collapse and consolidation ([Fig. 4C](#F4){ref-type="fig"}) were documented in 2 patients each. ABPA presenting as MLS in the pediatric age group has also been documented \[[@B18]\].

Of the 20 patients with radiological sinusitis, AAS was suspected in eight. Consent for the invasive procedure was obtained from only 3 parents. The diagnosis of AAS was established in all these three patients with ABPA. The radiological finding suggestive of AAS includes hyperdense lesions, 'star-filled sky' or 'ground glass' pattern. These occur due to the presence of high-density mineral element produced by the fungal elements \[[@B38]\]. The occurrence of upper airways symptoms and sinusitis has been documented in children with asthma \[[@B39]\]. However, in the pediatric patients with ABPA this is yet to be highlighted. Though allergic fungal sinusitis has been described in the pediatric population \[[@B40]\], its association with ABPA is not well defined. Campbell et al. \[[@B40]\] had reported the occurrence of allergic fungal sinusitis in children with asthma however, these patients had not been worked up for ABPA. The concomitant occurrence of ABPA with AAS, a clinical entity well characterized in adult patients, has been previously reported only once before in the pediatric age group \[[@B15]\].

Although the prevalence of ABPA in children with CF is well documented, the occurrence of this perplexing clinical entity in children with asthma is yet to receive the recognition it deserves. This study highlights the need to evaluate children with asthma for ABPA and to exclude AAS in those with upper airways symptoms. It is imperative to make an early diagnosis in these children so as to prevent long term morbidity caused by irreversible fibrotic changes that occurs with uncontrolled ABPA.
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![(A) Chest radiograph of an 11-year-old child showing right upper zone infiltrates. (B) Chest radiograph of the same child 12 months later showing left lower zone infiltrates. (C) Chest radiograph 3 months later than panel B showing right lower zone infiltrates. (D) Chest radiograph showing clearing of the infiltrates after therapy.](apa-7-148-g001){#F1}

![(A) Bronchographic image showing central bronchiectasis with normal peripheral tapering of the right upper lobe bronchus. (B) High resolution computed tomography of the chest (lung window) showing central bronchiectasis with "string of pearls" appearance (white arrow) and "signet ring" (open arrow).](apa-7-148-g002){#F2}

![(A) Computed tomography of the paranasal sinus showing hyperdense lesion in the left maxillary sinus suggestive of "allergic mucin." (B) High power view (×400) on haematoxylin and eosin stain showing inflammation of the nasal mucosa consisting of eosinophils, neutrophils and histiocytes. (C) High power view (×400) on Gomori methamine silver stain showing branching septate hyphae of *Aspergillus*.](apa-7-148-g003){#F3}

![(A) Chest radiograph of a 16-year-old girl showing "gloved finger" appearance in the right upper zone (white arrow). (B) High resolution computed tomography of the chest (mediastinal window) showing high attenuation mucus. (C) High resolution computed tomography of the chest (lung window) showing bilateral lower lobe consolidation with air-bronchograms.](apa-7-148-g004){#F4}

###### Demographic characteristics and diagnostic criteria of allergic bronchopulmonary aspergillosis met (n = 42)
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Values are presented as mean ± standard deviation, number, or number (%).

CT, computed tomography.

###### Computed tomography findings\* in children with allergic bronchopulmonary aspergillosis (n = 36)

![](apa-7-148-i002)

^\*^As per frequency.
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